**Research Highlights**

(1)Sheep amniotic epithelial cells were isolated, cultured and shown to possess stem cell properties.(2)Sheep amniotic epithelial cells were induced to differentiate into neuron-like cells by incubation in Neurobasal-A medium containing B-27 for 28 days *in vitro*.(3)Sheep amniotic epithelial cells have potential utility for the treatment of nervous system diseases.

INTRODUCTION {#sec1-1}
============

Stem cells are of fundamental significance and value to the fields of regenerative medicine, gene therapy and pharmaceutical research. However, the clinical application of stem cells requires that they are safe for patient use, show therapeutic efficacy, and can be obtained in sufficient quantities. The main stem cell populations considered for clinical applications include embryonic stem cells, adult stem cells and induced pluripotent stem cells. Embryonic stem cells originate from the inner cell mass of preimplantation embryos. Adult stem cells originate from specific tissues and organs. Ectopic expression of four transcription factors, Oct4, Klf4, Sox2 and c-Myc, was used to reprogram somatic cells to induced pluripotent stem cells\[[@ref1]\]. Embryonic stem cells and induced pluripotent stem cells are considered the most promising stem cells because of their capacity for multi-lineage differentiation\[[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\], but their clinical application poses safety concerns. Embryonic stem cells are subject to immunological rejection and may induce tumorigenesis following allogeneic transplantation\[[@ref8][@ref9][@ref10][@ref11]\]. Induced pluripotent stem cells are generated by reprogramming somatic cells through exogenous gene transfer, and therefore endogenous gene expression may be affected and result in tumorigenesis\[[@ref12][@ref13][@ref14]\]. Some studies reported that the therapeutic efficacy of induced pluripotent stem cells is promising, but their long-term effects have not been verified. Furthermore, embryonic stem cells are difficult to obtain in large quantities\[[@ref15][@ref16][@ref17]\], and their use raises ethical controversy because they are obtained by destroying early embryos. Induced pluripotent stem cells are obtained by reprogramming somatic cells, but their transfer efficiency is low (about 0.01--0.2%)\[[@ref18][@ref19][@ref20][@ref21]\]. Obtaining sufficient induced pluripotent stem cells requires much time and expense. Therefore, adult stem cells are being increasingly investigated as alternatives to embryonic and induced pluripotent stem cells.

Amniotic epithelial cells are a form of adult stem cells extracted from the lining of the inner membrane of the placenta\[[@ref22]\]. Amniotic epithelial cells express the embryonic stem cell markers SSEA-3, SSEA-4, TRA-1-60 and TRA-1-81, as well as the transcription factor Oct4, a key regulator of embryonic stem cell pluripotency. The highest expression of these markers is observed in amniotic epithelial cells from the middle layer of the placenta, followed by those in the bottom and top layers\[[@ref23]\]. Amniotic epithelial cells can differentiate into various cells of the endoderm (liver, pancreas), mesoderm (myocardial cells) and ectoderm (nerve cells) lineages\[[@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29]\]. The treatment of neurodegenerative disease is currently one of the main challenges in neuroscience. The clinical application of neural stem cells offers hope for the treatment of neurodegenerative diseases, but ethical considerations regarding embryo-derived neural stem cells and the limited availability of autologous neural stem cells have restricted the clinical transplantation of neural stem cells\[[@ref30][@ref31][@ref32][@ref33]\]. Native amniotic epithelial cells can be used for allogeneic transplantation without producing immunological rejection\[[@ref34]\]. Amniotic epithelial cells are obtained from discarded placentas after delivery, which are widely available without ethical constraints. Furthermore, the isolation and culture of amniotic epithelial cells from placenta are simple and inexpensive. Amniotic epithelial cells offer the same therapeutic advantages as stem cells, and amnion cells/tissue transplantation has been used in clinical trials in 50 cases\[[@ref34][@ref35]\] without causing tumorigenesis. Amniotic epithelial cell transplantation is non-oncogenic in animals with immune deficiency\[[@ref36]\]. The use of amniotic epithelial cells for the treatment of some stubborn diseases demonstrated good therapeutic outcomes and no toxicity or side effects, including liver disease\[[@ref37][@ref38]\], lung disease\[[@ref39][@ref40][@ref41][@ref42]\], heart disease\[[@ref43]\], diabetes mellitus\[[@ref44]\], nervous system disease\[[@ref45]\] and tendon injury\[[@ref46]\].

As such, if amniotic epithelial cells can be induced to differentiate into nerve cells, amniotic epithelial cells would be a valuable source for cell replacement therapy. Previous studies have mainly focused on human amniotic epithelial cells. Therefore, this study was performed to characterize the stem cell properties of amniotic epithelial cells isolated and cultured from sheep amnion, including their capacity for neural differentiation *in vitro*.

RESULTS {#sec1-2}
=======

*In vitro* growth characterization of sheep amniotic epithelial cells {#sec2-1}
---------------------------------------------------------------------

Sheep amniotic epithelial cells grew adherently in culture as polygonal, spherical or elliptical cells in a paving stone arrangement ([Figure 1](#F1){ref-type="fig"}). On top of the attached cells, round brilliant cells and a few cell spheroids with strong refraction were visible. These cells contained a large nucleus and scant cytoplasm, and were smaller than the adherent cells. The number of floating round brilliant cells was low, but their refraction was strong ([Figure 1](#F1){ref-type="fig"}).

![Morphology of passage 2 sheep amniotic epithelial cells (phase contrast microscope).\
(A) Adherent cells on the bottom of the wells were polygonal and gray, with round single cells and cell aggregates (spheroids, white) present above them. (B) High magnification image of the morphology of spheroids. Scale bars: (A) 50 μm; (B) 10 μm.](NRR-8-1210-g001){#F1}

Cells at passages 2--5 exhibited a morphology identical to primary cells. The cells from passage 6 proliferated slowly and became large and deformed. The cells from passage 8 detached from the wells, died, and could not be subcultured.

Stem cell properties of sheep amniotic epithelial cells {#sec2-2}
-------------------------------------------------------

Immunofluorescence microscopy revealed that sheep amniotic epithelial cells expressed the embryonic stem cell marker proteins, Oct-4, SSEA-1, SSEA-3, SSEA-4, TRA-1-60 and TRA-1-81, to different degrees ([Figure 2](#F2){ref-type="fig"}).

![Expression of marker proteins by sheep amniotic epithelial cells.\
Oct-4 is present in the nuclei, and SSEA-1, SSEA-3, SSEA-4, TRA-1-60 and TRA-1-81 are present in the cell membrane. Fluorescein isothiocyanate (FITC)-labeled cells exhibited a green color. 4',6-diamidino-2-phenylindole (DAPI)-stained nuclei exhibited a blue color. Scale bars: 100 μm for all images with the exception of 50 μm for a~2~--d~2~, a~3~--d~3~.](NRR-8-1210-g002){#F2}

Reverse transcription-PCR showed that sheep amniotic epithelial cells expressed Oct-4, Sox-2 and Rex-1, but did not express Nanog. Sheep fibroblasts served as negative controls ([Figure 3](#F3){ref-type="fig"}). Therefore, genes that control the multi-directional differentiation of stem cells were expressed in cultured sheep amniotic epithelial cells.

![Expression of totipotency-associated genes in sheep amniotic epithelial cells (reverse transcription-PCR).\
Sheep amniotic epithelial cells were positive for Oct-4, Sox-2 and Rex-1, but negative for Nanog. 1: DL2000 DNA marker; 2: Rex-1 (297 bp); 3: Sox-2 (341 bp); 4: Nanog (498 bp); 5: Oct-4 (571 bp); 6: negative control.](NRR-8-1210-g003){#F3}

Morphological changes in amniotic epithelial cells after induced differentiation {#sec2-3}
--------------------------------------------------------------------------------

After preinduction with 1 mmol/L 2-mercaptoethanol, a small number of adherent cells died and the round brilliant cells in the top layer remained unchanged. The cells grew slowly after induction. After 3 days of differentiation, the round brilliant cell bodies became enlarged. After 14 days, the cells were further enlarged and some cells displayed processes. After 21 days, the cell bodies had further enlarged and visible processes were present. Some cells died during differentiation. Neuron- and glial-like cells are shown at 28 days in [Figure 4](#F4){ref-type="fig"}.

![Induced neural differentiation of sheep amniotic epithelial cells (phase contrast images).\
(A) Sheep amniotic epithelial cells at passage 2 before induction. Adherent cells on the bottom of the wells were polygonal, and round brilliant cells were present above them.\
(B) Sheep amniotic epithelial cells displayed processes and the cell bodies increased in size at 28 days after induction.\
(C) Single neurons exhibited clear thin neurites at 28 days after induction.\
Scale bars: (A) 100 μm; (B, C) 50 μm.](NRR-8-1210-g004){#F4}

Expression of specific marker proteins following induced differentiation {#sec2-4}
------------------------------------------------------------------------

Immunofluorescence microscopy demonstrated that β-III-tubulin-positive cells were visible after 28 days of differentiation ([Figure 5a](#F5){ref-type="fig"}~1~). These cells included neuronal cells with one axon and two dendrites (a~1~: 1, 3) or one axon and many dendrites (a~1~: 2), and neurons with other morphologies (a~1~: 3). Glial fibrillary acidic protein-positive cells were visible ([Figure 5a](#F5){ref-type="fig"}~2~). Glial-like cells without a typical astrocyte morphology were present (a~2~: 1, 2, 3).

![Sheep amniotic epithelial cells after induced differentiation (fluorescence micrographs).\
β-III-tubulin-positive cells and glial fibrillary acidic protein (GFAP)-positive cells were detectable in the medium at 28 days. Fluorescein isothiocyanate (FITC)-labeled cells exhibited a green color, and 4',6-diamidino-2-phenylindole (DAPI)-stained nuclei exhibited a blue color. Arrows 1, 2, 3 showed the neuronal cells with one axon and two dendrites or one axon and many dendrites. Scale bars: 50 μm.](NRR-8-1210-g005){#F5}

Expression of specific marker genes following induced differentiation {#sec2-5}
---------------------------------------------------------------------

On day 0, nestin and β-III-tubulin expression was observed, but microtubule-associated protein-2 expression was not detected. After 28 days of differentiation, nestin, β-III-tubulin and microtubule-associated protein-2 expression was visible ([Figure 6](#F6){ref-type="fig"}). Sheep fibroblasts served as negative controls.

![Expression of nestin, β-III-tubulin and microtubule-associated protein-2 in sheep amniotic epithelial cells after 28 days of differentiation (reverse transcription-PCR).\
Nestin and β-III-tubulin expression was detected before and 28 days after induction. Expression of microtubule-associated protein-2 was not detected before induction, but could be detected after 28 days of induction. 1: DL2000 DNA marker; 2, 4, 6: prior to induction; 3, 5, 7: 28 days after induction; 8: negative control; 2, 3: nestin (361 bp); 4, 5: β-III-tubulin (152 bp); 6, 7: microtubule-associated protein-2 (442 bp).](NRR-8-1210-g006){#F6}

DISCUSSION {#sec1-3}
==========

Amniotic epithelial cells can be induced to differentiate into nerve cells/tissues using different methods. Human amniotic epithelial cells were induced to differentiate primarily into glial cells with a few neurons by culture in standard medium supplemented with all-trans retinoic acid and fibroblast growth factor 4\[[@ref47]\]. Dulbecco\'s modified Eagle\'s medium/F12 (DMEM/F12) supplemented with dimethyl sulfoxide, butyl hydroxyanisole, KCl, valproic acid, forskolin, hydrocortisone and insulin was used to induce the differentiation of rat amniotic epithelial cells into immature neurons\[[@ref48]\]. In accordance with a previously published method\[[@ref49]\], serum-free neurobasal-A medium containing B-27 was used to induce neural differentiation in sheep amniotic epithelial cells. B-27 contains vitamin E, superoxide dismutase, selenium and glutathione, and maintains the survival and growth of nerve cells *in vitro*\[[@ref50]\].

Our method included a modification to preinduce the cells with DMEM/F12 containing 10% dimethyl sulfoxide for 24 hours. This was performed to accelerate the differentiation of sheep amniotic epithelial cells, but the effect was not significant. Sheep amnion was digested with the trypsin substitute, TrypLE™ Select, to isolate sheep amniotic epithelial cells. Miki *et al*\[[@ref11][@ref23]\] found that human amniotic epithelial cells exhibit gradational growth, with round bright cells and cell spheroids being observed on top of a layer of adherent cells. Cultured sheep amniotic epithelial cells also exhibited gradational growth: cells adhering to the bottom of the culture flask were polygonal, round or elliptic, large in size and arranged like paving stones. Round brilliant cells and a few cell spheroids with strong refraction were visible among the attached cells. These latter cells were characterized by large nuclei and scant cytoplasm, and were small in size and scattered. A small number of suspended round bright cells in the medium exhibited strong refraction. These cells were easily lost during medium replacement and are therefore difficult to detect. Cultured sheep amniotic epithelial cells included a lower layer of adherent cells, a middle layer of round or spheroid cells, and a few round bright cells suspended in the medium with strong refraction. Morphologically, the sheep amniotic epithelial cells were consistent with human amniotic epithelial cells. Immunofluorescence microscopy and reverse transcription-PCR confirmed that the round bright cells and cell spheroids were positive for Oct-4, SSEA-1, SSEA-3, SSEA-4, TRA-1-60, TRA-1-81, Oct-4, Sox-2 and Rex-1, suggesting that sheep amniotic epithelial cells with multi-lineage differentiation potential were obtained.

*In vitro* neural differentiation of sheep amniotic epithelial cells was induced using neurobasal-A medium. After 28 days of induction, β-III-tubulin, glial fibrillary acidic protein, nestin and microtubule-associated protein-2 were expressed. Of these proteins, β-III-tubulin expression is highest in neurons\[[@ref51]\]. β-III-tubulin expression is mainly detected in immature neurons and some tumor cells, but not in glial cells and most non-neuronal cells\[[@ref52]\]. Microtubule-associated protein-2 is necessary for neuron dendrite development; its expression is high in mature neurons and it is used as a marker for neuron identification\[[@ref53]\]. Glial fibrillary acidic protein is a specific intermediate filament of the astrocyte cytoskeleton and is used as a specific marker of astrocytes\[[@ref54]\]. Nestin is an intermediate filament protein that is known as a neural stem/progenitor cell marker\[[@ref55]\]. Nestin is associated with the multi-lineage differentiation potential of progenitor cells during embryonic development and the regeneration of adult tissues\[[@ref56]\]. In this study, sheep amniotic epithelial cells were successfully induced to differentiate into β-III-tubulin-positive immature neurons, microtubule-associated protein-2-positive mature neurons, and glial fibrillary acidic protein-positive glial cells. Although the cells differentiated from sheep amniotic epithelial cells expressed glial fibrillary acidic protein, no glial fibrillary acidic protein-positive cells with a typical astrocyte morphology were observed. This may be because cells remain in the early differentiation stage, suggesting that sheep amniotic epithelial cells have potential for the treatment of nervous system diseases.

This study used serum-free neurobasal-A medium containing B-27 to induce cell differentiation. To verify whether sheep amniotic epithelial cells have the potential for neural differentiation, the medium was supplemented with only B-27 rather than other factors such as β-fibroblast growth factor and N23. B-27 contains vitamin E, superoxide dismutase, selenium and glutathione, and maintains the survival and growth of nerve cells *in vitro*\[[@ref57]\]. This induction medium only contains two reagents, is simple to use, and is inexpensive. A previous study demonstrated that the expression of amniotic epithelial cell surface markers was affected by noggin, basic fibroblast growth factor and retinoic acid\[[@ref58]\]. The addition of retinoic acid and fibroblast growth factor-4 to the medium induced the differentiation of human amniotic epithelial cells into glial cells and neurons\[[@ref23]\]. The addition of noggin alone, retinoic acid alone or both together to the medium also induced the differentiation of human amniotic epithelial cells into nerve cells\[[@ref59]\]. Many investigators have verified the neural differentiation of amniotic epithelial cells\[[@ref45][@ref58][@ref59]\]. The effects of other induction methods and medium supplements on the neural differentiation of sheep amniotic epithelial cells require further investigation. Clinical experiments suggested that amniotic epithelial cell transplantation could improve the symptoms of some typical neuropathies. Transplanted human amniotic epithelial cells lessened the symptoms of Parkinson\'s disease in a mouse model created by excising the nerve controlling dopamine secretion\[[@ref60]\]. Transplanted human amniotic epithelial cells migrated to the ischemic region to reduce the infarct volume in rat models of stroke\[[@ref61]\]. Neuron-like cells were observed at 5 weeks after mouse amniotic epithelial cell transplantation into ischemic hippocampi of adult gerbil\[[@ref62]\]. It remains poorly understood whether sheep amniotic epithelial cells can be used to repair host neurons in the treatment of brain injury and neurodegenerative disease.

Following sample collection, culture and passage, very few amniotic mesenchymal cells were visible. In this study, we did not attempt to identify different cell types within the cultures.

In summary, in this study we characterized the stem cell properties and neural cell differentiation potential of sheep amniotic epithelial cells, thus demonstrating the potential clinical application of amniotic epithelial cells. Clinical trials are essential for identifying new medicines, and the sheep is similar to human in terms of its size and physiological characteristics\[[@ref63]\]. Sheep amniotic epithelial cells provide a novel cell source, and the sheep is a good animal model for clinical and safety studies with human amniotic epithelial cells, suggesting the potential for allogeneic transplantation between species. Sheep amniotic epithelial cells have potential utility for the study of cattle, horse and swine amniotic epithelial cells *in vitro*.

MATERIALS AND METHODS {#sec1-4}
=====================

Design {#sec2-6}
------

A cell characterization study.

Time and setting {#sec2-7}
----------------

Experiments were performed at the Experimental Center, Veterinary Medicine College of Inner Mongolia Agricultural University, China from June 2011 to March 2012.

Materials {#sec2-8}
---------

Five placentas were aseptically obtained from sheep after delivery at the Sheep Farm, Lingeer County, Inner Mongolia, China, placed in an ice box, and delivered to the laboratory within 2 hours. All protocols were conducted in accordance with the *Guidance Suggestions for the Care and Use of Laboratory Animals*, formulated by the Ministry of Science and Technology of China\[[@ref64]\].

Methods {#sec2-9}
-------

### Isolation and culture of sheep amniotic epithelial cells {#sec3-1}

Amnion was obtained using a mechanical method, washed with Dulbecco\'s PBS and weighed. The amnion was treated with pre-warmed TrypLE (1 mL/g) (TrypLE™ Select, Invitrogen, Carlsbad, CA, USA) at 37°C and 100 r/min for 10 minutes. The supernatant was discarded, and the amnion was digested with TrypLE (1 mL/g) at 37°C and 250 r/min for 30 minutes, before adding 10% fetal bovine serum to terminate the digestion. The digestion was repeated twice. The supernatants from the three digestions were pooled, filtered through a 200-mesh filter and centrifuged at 1 500 r/min for 5 minutes. The supernatant was removed. The specimens were suspended and precipitated using DMEM/F12 (Invitrogen) supplemented with 1% penicillin-streptomycin (Invitrogen), 1% insulin, transferrin-selenium (Invitrogen), 1% minimum essential medium with non-essential amino acids (Invitrogen), and 15% fetal bovine serum (Invitrogen). The cells were counted and cell viability was measured by trypan blue staining (Invitrogen). Cells were plated at 1 × 10^6^/flask and incubated at 37°C in 5% CO~2~ and saturated humidity.

### Subculture of sheep amniotic epithelial cells {#sec3-2}

The cells were subcultured when they reached 80--90% confluence at a ratio of 1: 3. The culture conditions were identical to those described above. The medium was replaced every 2--3 days.

### Stem cell properties of sheep amniotic epithelial cells {#sec3-3}

Immunofluorescence microscopy was used to detect the embryonic stem cell marker proteins, Oct-4, SSEA-1, SSEA-3, SSEA-4, TRA-1-60 and TRA-1-81, in sheep amniotic epithelial cells. Passage 2 sheep amniotic epithelial cells (1 × 10^5^/mL) were incubated on glass slides overnight. After removing the medium, the cells were washed in PBS, fixed in 4% paraformaldehyde at room temperature for 20 minutes, and washed with PBS. For the detection of Oct-4 (Yili Biological Technology Co., Ltd., Shanghai, China), the cells were washed with 0.35% Triton X-100, and then with PBS. Subsequently, the cells were blocked with 4% goat serum at room temperature for 30 minutes. The serum was discarded and primary antibodies for Oct-4, SSEA-1, SSEA-3, SSEA-4, TRA-1-60 and TRA-1-81 (1 mg/mL; mouse anti-sheep monoclonal antibodies, Millipore, Bedford, MA, USA) were added. As a negative control, the cells were incubated with PBS instead of primary antibody at room temperature for 1 hour, and then washed with PBS. Secondary FITC-labeled goat anti-mouse antibody (1: 50; KPL, Gaithersburg, MA, USA) was added at room temperature for 40 minutes. After washing with PBS, the specimens were stained with 4',6-diamidino-2-phenylindole (DAPI, Beijing Seajet Scientific, Beijing, China), washed with PBS, mounted, and then observed using a fluorescence microscope (Olympus, Tokyo, Japan).

For reverse transcription-PCR analysis of totipotency-associated gene expression, Oct-4, Sox-2, Nanog and Rex-1 were selected. Total RNA was extracted using the RNAfast200 Total RNA Extraction Kit (Fastagen, Shanghai, China), in accordance with the kit instructions. 5 μL of RNA was electrophoresed on a 1% agarose gel (100 V, 30 minutes) to examine the integrity, content and purity. Conserved regions in the human, cattle, swine and sheep mRNAs were selected for primer design. The primer sequences are listed in [Table 1](#T1){ref-type="table"}.

###### 

Primers used for the PCR amplification of totipotency-associated genes

![](NRR-8-1210-g007)

Primers were synthesized by Invitrogen Corporation, Shanghai Representative Office, Shanghai, China. The reaction solution comprised: 5 × Prime Script Buffer 2 μL, Prime Script RT Enzyme Mix 0.5 μL, Oligo dT Primer (50 μmol/L) 0.5 μL, random 6 mers (100 μmol/L) 0.5 μL, total RNA 1 μL (≤ 500 ng), RNase-free dH~2~O 5.5 μL. Reverse transcription was performed at 37°C for 15 minutes. The PCR reaction mix comprised: 50 μL: TaKaRa Taq (5 U/μL) 0.25 μL, 10 × PCR buffer 5 μL, dNTP mixture (each 2.5 mmol/L) 4 μL, template DNA 2.5 ng, upstream primer (20 μmol/L) 1 μL, downstream primer (20 μmol/L) 1 μL, sterile distilled water 36.75 μL. The PCR reaction conditions were: 30 cycles of 94°C for 1 minute, 94°C for 30 seconds, 55°C for 30 seconds, and 72°C for 1 minute, followed by 72°C for 7 minutes, 4°C termination. Sheep fibroblasts (Sheep Farm, Lingeer County, Inner Mongolia, China) served as negative controls for PCR. Gels were photographed and analyzed using the gel image analysis system (Tanon Science & Technology Co., Ltd., Shanghai, China).

### Neural differentiation of sheep amniotic epithelial cells {#sec3-4}

Passage 2 sheep amniotic epithelial cells (1 × 10^4^/mL) were seeded on lysine-coated glass slides in a 12-well plate. 1.5 mL of growth medium was added to each well. When the cells reached 60% confluence, they were washed with Hank\'s balanced salt solution, preinduced with 1 mmol/L 2-mercaptoethanol for 24 hours, washed with Hank\'s balanced salt solution, incubated with 500 mL serum-free neurobasal-A medium supplemented with 2% (v/v) B-27 (Invitrogen), and then observed under the microscope. The medium was replaced once every 3 days. The induction was conducted for 28 consecutive days. In the control group, passage 2 sheep amniotic epithelial cells were not induced and the growth medium was replaced once every 3 days.

### Identification of differentiated cells following induction {#sec3-5}

Immunofluorescence analysis of glial fibrillary acidic protein expression following neural differentiation: at 28 days of induction, the glass slides were placed in a 35 mm petri dish, washed with PBS, fixed with 4% paraformaldehyde for 30 minutes, washed with PBS, permeabilized with 0.35% Triton X-100 for 30 minutes, washed with PBS, treated with 0.6% H~2~O~2~ for 30 minutes, washed with PBS, and blocked with 4% goat serum for 30 minutes. The serum was discarded. Primary rabbit anti-β-III-tubulin polyclonal antibody (1:100; Sigma, St. Louis, MO, USA) and rabbit anti-glial fibrillary acidic protein polyclonal antibody (1:100; Sigma) were added at 4°C overnight. After washing with PBS, FITC-labeled goat anti-rabbit secondary antibody (1:50; Sigma) was added in the dark for 30 minutes. After washing with PBS, the cells were stained with DAPI (Biotium, Hayward, CA, USA) for 15 minutes, washed with PBS, mounted, and observed with a fluorescence microscope.

Reverse transcription-PCR analysis of specific marker gene expression following neural differentiation: the expression of nestin, β-III-tubulin and microtubule-associated protein-2 was measured by reverse transcription-PCR at 0 and 28 days following induction. Fibroblasts served as the negative control. The primer sequences are shown in [Table 2](#T2){ref-type="table"}.

###### 

Primers used for the PCR amplification of totipotency-associated genes

![](NRR-8-1210-g008)
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